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GSNHRAl 
The sole is the most common species of the family of the 
Soleidae in European waters. The different sole stocks are 
generally restricted to wide coastal areas. 
The great possibilities of adaptation are, responsible for 
a large distribution in the East Atlantic, from the Scandi-
navian coasts up to the Senegal coast . ( Figure 1 ). Prom the 
Eastern part of the Baltic till the Islas Canarlaa sole stocks 
occur. The main component of the Norteast Atlantic sole stock 
is situated in the Morth Sea south of 57 0 N. 
In the Mediterranean the sole occur in nearly all coastal 
areas. Their frequency is however much more variable compared 
to the Northeast Atlantic stocks, mostly in the Adriatic and 
the Golf du Lion. The eastern border of occurence is the 
South of the Black Sea, the Bosporus and t^ e Marmara Sea. 
Figure 1 : Occurrence of Soles, oole- L, in Turorjee.n waters . 
2. 
LANDINGS 
Figure 2 shows the average catches over the period 1970-196C 
of the severa l exnloi ted sole s tocks in th-= Community. 
'-Then comparing by areas the North Sea has the h ighes t production 
which i s close to 20,000 tonnes (Figure 2A). Thca o ther a reas 
as the English Channel, the Cel t ic Sea and the I r i s h Sea are 
producing catches from 1,600 tonnes to 1,200 tonnes. The t o t a l 
of the l a t t e r i s 7,300 tonnes. The Mediterranean landings 
amount to 5,400 tonnes being 17 ^ of the t o t a l sole l and ings . 
In the Northeast A t l a n t i c f i s h e r i e s the Netherlands are the 
most important sole f i sh ing na t ion with a year ly mean landing 
f igure of 16,100 tonnes. France i s the second leading sole 
f i shery .as the mean landing f igure i s about 4,100 tonnes (Figure 
Belgium has a year ly catch of 4,000 tonnes. Other sole f i sh ing 
count r ies -ire united Kinffiora with 1,600 tonnes Denmark with 
700 tonnes, the Federal Republic of Germany with 400 tonnes 
and I re land with 200 tonnes. 
In the Mediterranean I t a l y i s tlv- l e a d i i g irola f i sh ing na t ion . 
Their annual mean catch i s close to 3,000 tonnes. This catch 
i s about 35 ;' of the t o t a l Mediterranean catch - :3. Cn the bas is 
of bhis the Adr ia t i c Sea seems to be the most productive area 
for the sole in the Mediterranean . Other important :iOle f i . C i n ; 
notion are Greece ( 0P5 tonnes) , "gypt ( 662 tonnes) and 
France ( 337 tonnes) , i t su s t be s t r e s sed tha t a l l those values 
could be se r ious ly underest imates. (Figure 2G). 
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Figure 2 : Distribution of the landings per fishing ground and per country. 
North Sea sole 
Several countries are exploiting the North Sea sole stocks, 
viz. Belgium, Denmark, the Federal Republic of Gemany,the 
Netherlands, United .Kingdom and Prance. The majority of the 
catches is caught by the beamtrawl fishery. Due to the high 
exploitation zate and the high variations in recruitment the 
catches during the period 1950- 1980 fluctuated substantially. 
Mean catch 1970-1980 : 19,666 tonnes. 
English Channel sole 
Separate coastal sole populations occur along the French and 
English coasts. These populations are exploited on a mod-rate 
way by the French, English and belgian fleet. The fishery is 
carried out by beamtrawl, ottertrawl and trammelnets. Some 
part of the fleet of France and 'United Kingdom is artisanal. 
Mean catch 1970-1980 : 1,847 tonnes. 
Celtic Sea sole 
Belgian beamtrawlers and French and //elsh ottertrawlers are 
exploiting the stock which is predominantly in the Bristol 
Channel. The Belgian fleet is taking the bulk of these catches 
up to about £0 ;- of the total international landings. 
Mean catch IS70-1280 : 1,22 2 tonnes 
Irish Sea sole 
In the Liverpool Bay as well as near the Irish coast a sole 
fishery xs carried out by several countries,viz. Belgium, 
France, Ireland, the Netherlands and United Kingdom (England 
and Wales, Northern Ireland, Scotland and Isle of ^an). This 
fishery is essential a spawning fishery (April-Kay). 
Mean catch 197C-19S0 : 1,504 tonnes. 
Bay of Douamenez sole 
An artisanal French fishery is exploiting the sole stocks 
around Bretagne. Catch statistics are net available. 
Bay of Biscay sole 
Although most of the grounds are not suitable for sole fishery 
some concentrations of fishing areas exists in the Southern 
part of the -Day of Biscay. The main exploiting countries are 
Prance ( 95 ^) and Spain, Some occasional fishery occurred 
in the past by the Belgian and the French fleet. 
Mean catch 1970-1980 : 2,708 tonnes. 
Portugese coastal sole 
• 
Spain and Portugal are exploiting coastal stocks. 
Catch statistics are not available. 
1. Review of growth data per sex in the North Sea, English 
Channel, Celtic Sea and Irish Sea. 
JUVSNTLES 
Growth is not a constant proces for sole in the NE-Atlantic 
areas. The winter period is characterized, by a growth 
stagnation whereas during the sumraer period rapid growth 
is a result of an active feeding period. This is clearly 
demonstrated on figure 3. After spawning the fertilized eggs 
produce larvae which after metamorphosis become baby soles, 
First observations of trawling indicate a length of about 
5 cn in the southern North Sea after two or three months of 
live. This growth is continued till October. At that moment 
sole are close to 10 cm of length. The whole winter period 
is a period of growth stagnation. It is until the next spring 
that intensive feeding and growth starts again resulting in 
a mean length close to 17 cm at an age of about 16 months. 
The next winter period a new growth stagnation starts. 
The behaviour in the Irish Sea is identical to the one 
observed in the North Sea (Gorlett 1967).However the length 
increment is much lower.At the end of the first year of total 
length of about 6,5 cm is obtained. During the second year 
total length is about 14 cm. 
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Figures 4 - 1 7 show the length increament for male and female 
soles in the following fishing grounds : Southern North Sea, 
Central North Sea, English Channel, Celtic Sea, Irish Sea, 
Bay of Douarnenez and Bay of Biscay. 
The mean length per age group and per stock is compiled 
in table 1. Except of the data from the Bay of Douarnenez 
and the Bay of Biscay, all data are derived from catch 
sampling during the fourth quarter of the years 1978—1983, 
The following growth parameters were calculated : 
L ^ : theoretical maximum length 
K : Growth constant 
t : Time of birth 
o 
The results are given in table 2. 
The main conclusions of this study can be summarized as 
follows: 
1. In all stocks male sole is reaching a maximum length 
inferior than the one calculated for females. 
This difference is between 6 to 8 cm, 
2. Little distinction in growth rate is observed in the 
male sole stacks of the North Sea (both areas), Celtic 
Sea, English Channel and Irish Sea. The maximum length 
in all these areas is close to 34- cm, 
3. Female soles reach maximum lengths of about 43 to 44 cm 
in the North Sea and the English Channel. 
In the other "Northern" areas there seems to "be a slower 
growth pattern. This is most pronounced in the Irish Sea 
where the maximum length is 40,6 cm. The observed slower 
growth already shown in the juvenile stock (figure 3) is 
thus continued in the adult period. 
4-. There is an indication that male soles in the Southern 
areas as Bay of Douarnenez and Bay of Biscay reach higher 
length than in the Northern areas. The data from the stock 
around Bretagne however (Denial, 1901) could be "biased 
as they are derived from a small and single sample. 
The same reservation could be expressed for the female 
stock in that area. 
Table 1 : Length a t age for severa l NS-Atlantic sole s tocks . 
(x) :Deniel (1981) ; (xx): Guillou (1973). 
N.D. No data 
Age 
1 
2 
3 
4 
' 5 
6 
7 
8 
• 9 
10 
• 1 1 
12 
. 
ïTor-fch Sea 
South, 
2 4 . 1 
2 6 . 3 
2 9 . 0 
3 0 . 2 
3 0 . 9 
3 1 . 3 
3 2 . 1 
3 2 . 6 
3 3 . 0 
3 4 . 8 
ITorth Sea 
Centra l 
N .D. 
2 6 . ? 
t 
2 7 . 7 
29 ,'3 
3 0 , 2 
3 2 . 1 
3 2 , 8 
3 2 . 8 
33.-1 
3 2 . 6 
3 4 . 0 
English 
Channel 
N.D. 
2 6 . 8 
2 8 . 4 
2 9 . 6 
3 2 . 4 
3 3 . 1 
> 
Cel t i c Sea 
N.D. 
2 6 . 2 
2 8 . 5 
3 0 . 0 
3 1 . 7 
3 2 . 6 
3 2 . 9 
3 5 . 0 
3 2 . 4 
3 5 . 5 
I r i s h Sea 
N.D. 
2 4 . 5 
2 5 . 7 
2 7 . 2 
2 8 . 5 
2 9 . 2 
3 0 . 3 
3 0 . 6 
3 1 . 7 
3 1 . 1 
3 1 . 6 
Bay 
Douarnenez 
2 1 . 6 
2 5 . 8 
3 0 . 3 
3 4 . 0 
3 5 . 6 
3 8 . 2 
3 8 . 1 
4 0 . 0 
3 9 . 8 
(x ) 
Bay of 
Biscay 
N.D. 
24 .0" 
2 6 . 4 
2 8 . 4 
2 9 . 1 
3 0 . 2 
3 1 . 5 
3 3 . 1 
3 3 . 8 
3 6 . 8 
3 5 . 8 
3 5 . 0 
(xx) 
PMALES 
Age 
1 
2 
3 
4 
5 
o 
' 7 
c 
0 
10 
11 
12 
13 
14 
North Sea 
South 
2 4 . 7 
2 r . i 
3 1 . 9 
3 4 . 8 
3 6 . 5 
3 7 . 9 
3 8 . 6 
3 9 . 0 
4 0 . 8 
4 0 . 2 
• 4 1 . 2 
4 2 . 7 
4 2 . 5 
Sopth Sea-
Central 
N.D. 
2 8 . 3 
3 1 . 6 
3 4 . 6 
3 6 . 6 
3 8 . 4 
3 9 . 7 
4 0 . 3 
4 1 . 8 
4 2 . 2 
4 3 . 0 
4 2 . 8 
English 
Channel 
N . D . 
2 7 . 0 
3 1 . 4 
3 4 . 3 
3 5 . 5 
37 .9 
3 9 . 4 
3 9 . 7 
3 9 . 6 
4 0 . 8 
4 3 . 0 
4 1 . 5 
4 3 . 0 
4 3 . 0 
Ce l t i c Sea 
N.D. 
2 7 . 1 
3 1 . 5 
3 4 . 7 
3 6 . 7 
3 8 . 0 
3 ^ . 0 
3 9 . 3 . 
4 0 . 2 
4 0 . 8 
4 1 . 7 
I r i s h Sea 
N.D. 
2 4 . 7 
2 8 . 3 
3 1 . 1 
33 .9 
3 4 . 5 
3 5 . 7 
3 7 . 2 
3 7 . 5 
3 6 . 6 
3 8 . 7 
3 5 . 7 
3 9 . 4 
4 1 . 4 
Bay 
Douarnenez 
2 1 . 4 
2 5 . 2 
3 1 . 7 
3 5 . 5 
3 9 . 5 
4 0 . 8 
4 2 . 9 
4 4 . 1 
4A.8 
4 4 . 3 
^ 
(x) 
Bay of 
Biscay 
N.D. 
2 4 . 4 
2 8 . 3 
3 1 . 3 
3 3 . 4 
3 4 . 8 
3 5 . 8 
3 7 . 2 
3 6 . 0 
J 1 - • -1-
4 0 . 0 
3 8 . 3 
4 1 . 5 
(xx) 
Table 2 : Growth parameters in the different stocks 
MALES 
North Sea South 
North Sea Central 
English Channel 
Celtic Sea 
Irish Sea 
Douarnenez 
Bay of Biscay 
liC^O 
34.7 
34.7 
34,2 
35.7 
34.0 
39.1 
36.5 
K 
0.255 
0.200 
0.246 
0.271 
0.171 
0.397 
0.220 
^ 
-3.67 
-3.54 
-3.40 
-2 .,90 
-5.36 
-2.85 
FEMALES 
North Sea South 
North Sea Central 
English Channel 
Celtic Sea 
Irish Sea 
Douarnenez 
Bay of Biscay 
L
^ 
43.2 
44.5 
43.7 
41.2 
40.6 
48.2 
39.6 
K 
0.243 
0.240 
0.241 
0.371 
0.241 
0.326 
0.299 
^ 
-2.47 
-2.18 
-2.28 
-0.69 
-1.96 
-1.26 
NORTH SEA SOLS MALES 
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Figure 4 : leng-fch inc rease at age for North Sea sole males, 
(southern Bight area) 
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'igure 5 5 length increase at age for central North Sea male soles. 
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Figure 6 : length inc rease a t age for eas tern English Channel male so les , 
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Figure 7 : length increase at age for Celtic Sea male soles. 
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length inc rease at age for I r i s h Sea male s o l e s . 
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Figure 9 s length increase at age for Gulf of Douarnenez male so les . 
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Figure 10 : length, inc rease at age for Bay' of Biscay male s o l e s . 
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Figure 11 '• length increase at age for Uorth Sea female soles. 
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Figtire 12 : length increase a t age for c e n t r a l ITorth 3éa female s o l e s . 
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Figure 13 : length increase at age for eastern English Channel female soles. 
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Figxire 14 : length increase at age for Celtic Sea female soles. 
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Figure 15 : length increase at age for Irish Sea female soles 
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Figure 1° : Length increase at age of Fulf of Douarnenez female soles 
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Fignjre 17 : Length increase at age for Bay of Biscay female soles. 
Growth in weight of ^  the_adult solg.'gop^ latl.qng. 
The weight at age data for some sole populations is given 
in figures 1 8 - 2 5 and in table 3. 
On the "basis of this preliminary exercise it is clear 
that North Sea sole and ^eltic Sea sole do not differ very-
much in the weight increase at age. However the Irish Sea 
data indicate a very slow weight increase for "both sexes. 
This was not so clear in the length data. 
Also the results from the studies' in the Bay of Biscay 
demonstrate lower weight at age then, the one observed in 
the Nort Sea. Differences in the food supply could be the 
main reason for this discreoancies. 
Age 
1 
2 
3 
4 
5 
6 
7 
6 
9 
10 
1 1 
12 
13 
Age 
1 
2 
3 
4 
5 
6 
7 
8 
c 
10 
11 
12 
13 
14 
T a b l e 3 : 
Sar th Sea 
South 
1 2 1 . 8 
1 6 1 . 5 
2 2 0 . 2 
2 4 5 . 1 
2 7 2 . 7 
2 7 9 . 6 
2 9 3 . 5 
3 0 3 . 9 
3 2 7 . 6 
3 2 2 . 0 
3 0 9 . 3 
3 4 0 . 2 
4 0 1 . 6 
3 5 0 . 0 
Bortli Sea 
South 
1 2 4 . 5 
2 0 9 . 4 
3 2 5 . 8 
4 1 5 . 0 
4 4 3 . 8 
5 0 8 . 2 
5 4 3 . 0 
6 0 9 . 0 
6 38 .6 
. 5 8 3 . 3 
• 6 5 ^ . 9 
6 9 2 . 7 
6 7 9 . 0 
Weight a t a g e f02 
( x x ) : C-ui l lou (IS 
N.D. : No d a t a 
MALES 
Uorth Sea English 
Centra l Channel 
FEMALES 
Korth Sea- English 
Centra l Channel 
' s e v e r a l N 
173) 
Ce l t i c Sea 
9 7 . 0 
1 4 7 . 1 
1 8 9 . 4 
2 2 9 . 0 
252 .9 
2 9 4 . 1 
3 3 4 . 1 
3 1 6 . 1 
3 37"..9 
3 8 2 . 5 
3 9 4 . 0 
4 3 0 . 2 
4 0 6 . 7 
4 0 4 . 0 
1 
Cel t i c Sea 
N .D . 
• 1 6 3 . 6 
2 5 5 . 7 
3 6 4 . 2 
4 1 4 . 4 
4 2 7 . 3 
517 .9 
529 .9 . 
6 0 6 . 6 
6 7 8 . 4 
| 6 2 9 . 8 
6 £ 4 . 2 
7 2 0 . 3 
6 9 3 . 3 
7 2 0 . 0 
" i - A t l a n t 
I r i s h Sea 
N.D. 
1 2 4 . 5 
1 5 1 . 0 
1 7 4 . 4 
2 0 0 . 5 
2 1 5 . 9 
2 5 4 . 8 
2 4 6 . 3 
2 7 0 . 4 
2 6 2 . 2 
292 .9 
2 5 6 . 6 
•303.0 
2 9 3 . 3 
I r i s h Sea 
N.D. 
1 2 9 . 9 
2 0 2 . 8 
2 7 7 . 1 
3 ^ 3 . 8 
3 6 1 . 6 
4 4 9 . 0 
4 7 2 . 2 
5 0 1 . 2 
5 1 4 . 7 
561 .9 
5 2 3 . 1 
5 6 9 . 3 . 
5 9 9 . 2 
LC s o l e s t 
Bay 
Douarnenez 
• 
Bay 1 
Douarnenez 
' 
• 
, 
! ^ 
o c k s . 
Bay of 
Biscay 
N .D . 
1 0 2 . 0 
1 3 9 . 0 
1 7 4 . 0 
1 8 8 . 0 
2 1 1 . 0 
240 .0 . 
2 8 3 . 0 
3 0 2 . 0 
3 9 4 . 0 
3 6 1 . C 
3 3 6 . 0 
( x x ) 
Bay of 
Biscay 
N.D. 
10 8 .0 
1 7 3 . 0 
2 - 7 . 0 
2 9 1 . 0 
3 2 8 . 0 
39 2 . 0 
4 0 5 . 0 
3 6 7 . 0 
4 3 8 . 0 
5 1 1 . 0 
4 4 3 . 0 
5 7 3 . 0 
(xx) 
-
1
 1 
NORTH SCA SOLE MALES 
weight 
(gram) 
600.. 
400 •• 
200 .. 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 
f igu re 18 : weight inc rease at age for ITorth Sea male s o l e s . 
CELTIC SCA MALES 
weight 
(gram) 
600 i 
400 
200 I 
age 
i i i i i 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Figure 20 ; weight increase at age for Celtic Sea male aoles. 
IRISH SEA SOLE MALES 
weight 
(gram) 
600 
400 i 
200 
age 
' ' i 1 • 1 i i 1 _ 
2 3 4 5 6 7 8 9 10 11 12 13 14 
Figure 21 : weight increase at age for Irish Sea male soles. 
NORTH SEA SOLE FEMALES 
weight 
(gram) 
800 
600 .. 
400 •• 
200 
2 3 4 5 6 7 8 9 10 11 12 13 14 
Pig"ure 22 : weigiit increase at age for North bea female s o l e s . 
CO. TXC SEA SOLS FSMALES 
weigh-fc 
(gram) 
800 
600 •• 
400 • 
200 
1
 ' ' i j i i i i i i 1 i i 
2 3 4 5 6 7 a 9 10 11 12 13 14 15 
Figure 24 : weight inc rease at age for Cel t ic Sea female s o l e s . 
Ir ish. 
weight 
(gram) 
800 
600 
SCA SOLS FEHAL£S 
400 .. 
200 .. 
2 3 4 5 6 7 . 8 9 10 11 12 13 14 15 
Figure 25 : weight increase at age for Irish Sea female soles. 
2. Review of growth data per sex in the Adriatic Sea and in 
other Mediterranean areas. 
The following information is available for thé Mediterranean. 
First of all length increase seems to "be a continuous proces 
during at least the first year of life. Bom in winter , between 
November and March, a total length of between 18 - 20 cm is 
already reached after a period of 12 months. When comparing 
with the North Sea situation, this value could also be obtained 
in that area in the absence of a growth stagnation period. 
The result of a 12 month feeding period is indeed also close 
to 20 cm length in the North Sea. The cold winter temperatures 
in the North Sea must be responsible for the growth stagnation 
during that period of the year. 
In the Adriatic Sea the following growth parameters were 
calculated : 
L^: 4-0.1 cm K : 0.679 
This value is for sexes combined and is not very different 
with the NE-Atlantic stock 
Females also show a more rapid growth than the males. 
The relation length/ weight is as follows: 
M + F W =0.693 . 10"2 L 3* 0 8 4 
F W =0.571 . 10"2 L ^ ^ 
M W =0.864 , 10"2 I 3- 0 1 3 
i 
Other observations in the Mediterranean are susmarized 
below : 
Gulf of Lions -(Mendez de Elguezebal) 
L .. K 
Males 53.8 0.160 
Females 4 7.2 0.274 
males : Lt= 53.83 ( 1 - e " 0 ' 1 ^ t + 2'472) 
females !,= 47.23 ( 1 - e" 0- 2^ t + ^ ^ 
males : W = 0.182. 10"2 L 3 , 4 6 4 
females : W = 0.136.10"2 L 3' 5 4 1 
The individ-ual length at age is as follows: 
males females 
age 
1 25.07 23.70 
2 30.05 24 .35 
3 34.32 33.64 
4 37.94 36.84 
5 41.04 39 .87 
These observations show a different growth pattern 
compared with all other observations as well in the 
NOrtheast Atlantic as in the Adriatic Sea. 
3. Review of biological parameters and age composition 
in the North. Sea, English Channel, Celtic Sea and 
Irish Sea 
Cratches per age group were comoiled for the oeriod 1970-
1980 (Anon. 1981). Information was collected from the 
areas North Sea, English Channel, Celtic Sea and Irish 
Sea. 
The distribution pattern of the age groups in the catch 
is rather different from one area to another (Figure 26). 
This is logic as the exoloitation pattern in each fishing 
zone is depending of the existing fleets. 
The North Sea and English Channel catches show a rather 
similar picture. The bulk of the catch is comoosed by the 
age grouos II-, III- and IV . These three age groups 
contribute for more than 70 ^  of the total annual Igndings 
in these areas. 
The Celtic Sea sole catch composition is showing a gradual 
decrease from the age groups III onwards. The catch seems 
to be rather distributed over several age groups. 
In the Iris Sea the total composition is mainly determined 
by the age groups IV- to VI. Due to the slow growth pattern 
ages II and III are not yet fully recruted to the stock. 
In all stocks it is obvious that an important part of the 
catch (about lO;^  on average) is composed by the age group 
older than 10 years. This means that due to the behaviour 
of the soles and also the degree of catchability a buffer 
stock remain at sea for a long period. Soles older than 
30 years old are not seldom in the catches. 
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Figure 26 : Age distr ibution of the to ta l International catch by area. 
4. Review of biological parameters and age composition 
in the Adriatic Sea 
As catch statistics and regular catch samoling progranrnes 
are liahle to he improved only scarce information on this 
subject is available. 
In the Adriatic Sea ( Figure 27) a clear distinction 
can be shown in the distribution of the juvenile and the 
adult stock. The juvenile stock with lengths of 12- 15 cm 
occur along the coastal line at a few miles distance of 
the coast. Prom the age I onwards the majority of the 
stock is in the regions with a depth between 25 and 100 
meters. 
In the absence of an age composition of the catches in 
that area, the length distribution of the experimental 
catches ( figure 2 8) is revealing the fact that the 
catches are mainly composed by the age groups 0 and I. 
The fishery therefore is mainly a recruitment fishery. 
The high season of catches is concentrated in October 
and November when the new year-class ( as 0-group) is 
reaching a length of about 15 cm. 
Figure 27 : distribution pattern of soles in the Adriatic 3ea 
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Figure 28 : Lengxh frequency distriloution of soles 
in the Adriatic Sea. 

